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Principal findings and significance 
 
Determination of DDA by NMR 
Representative 1H-NMR spectra of some chitosan samples with high and low DDA, respectively, 
are presented in Figure 1. Generally, higher temperature, higher base concentration and longer 
reaction time will lead to higher DDA. However, to achieve 100% deacetylated chitosan, 
successive alkali treatment must to be applied. 

 

 

 

 
Figure 1. 1H-NMR spectrum for chitosan with (a)DDA~43 (with 20%DCl solution), (b) 
DDA~71 and (c) DDA~91. 
 
Comparison of FTIR and NMR for determining the DDA 
In our past research (see prior report) we used the DDA as determined by FTIR as the measure to 
quantify the degree to which chitin was converted to chitosan. However, while the FTIR method 
can reliably be used to compare the efficiency of conversion in qualitative terms, it is not 
necessarily a quantitatively reliable method. Depending on which peak ratios are calculated 
based on the obtained FTIR spectra, different DDA values can be calculated from the same 
samples. Therefore our current research also employed the more complex method of nuclear 
magnetic resonance (NMR) for determining the DDA. NMR can quantify the numbers of 
hydrogen atoms in different locations of the chitosan structure and can therefore provide a 
quantitative measure. The NMR DDA results were used to calibrate the FTIR DDA values. As 
shown in Figure 2, a very good correlation exists between both methods of measurement. The 
correlation has a slope of almost one, which is ideal. The offset by a DDA of 0.72 is negligible in 
the measured DDA range. This indicates that for further research it is possible to utilize either 
technique. The simpler FTIR method can also be used reliably for DDA determination. 
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 Figure 2. Correlation between DDA values determined by FTIR and NMR, respectively.  
 
Characterization of surface charge by measuring the zeta potential 
The zeta potential indicates the surface charge of a particle at a certain distance from the surface 
(shear plane). For materials that undergo acid base reactions, the surface charge depends on pH. 
Since chitosan has amine groups, which are positively charged at lower pH values, it is expected 
that the charge would be positive at low pH and then decrease when the pKa of the surface 
functional groups is reached.  
 
This is confirmed by our experiment data. As shown in Figure 3, for all chitin/chitosan materials, 
the surface charge is positive up to ~pH 8. The magnitude of charge increases somewhat with 
increasing DDA. However, the charges are not directly proportional to the DDA, as one might 
have expected. At pH 5, for example, where most As binding experiments were performed, only 
the samples with DDA 13 show a much lower zeta potential than the samples with DDA 42-
DDA95, which all have a similar potential.  
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Figure 3. Electrical surface potential of chitin/chitosan with different DDA as a function of pH. 
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Arsenate uptake 
The observation that there are no large differences among samples with DDA > 40 matches the 
findings with respect to arsenate binding by chitin/chitosan samples with different DDA. Beyond 
a DDA of 40, no significant improvement of arsenate binding was achieved for increasing DDA, 
as shown in Figure 4. 
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 Figure 4. Arsenate sorption isotherms at pH 5 for chitin/chitosan with different DDA. 
 
A potential reason for no increase in arsenate binding beyond DDA 40 may be that not all 
deacetlylated amine groups are available for arsenate binding. Those in crystalline regions may 
be less accessible than those in amorphous regions. Therefore the crystallinity and crystallite size 
were measured using XRD. For DDA lower than 50%, both the CrI and the crystallite size did 
not vary significantly with increasing DDA, whereas at high DDA (≥ 90 %), the CrI reduced to 
approximately 60% (data not shown).   
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